Introduction
Osteocytes are the most abundant cell type in bone and are known as the primary sensing and metabolism-controlling cells within the tissue. Osteocytes are key to directing the processes of o s t e o p r o t e g e r i n (OPG) and macrophage colony-stimulating factor (M-CSF) [1] . One factor that Proteomic analysis of the osteocyte secretome reveals enrichment of proteins associated 169 with EVs 170 Hierarchical clustering revealed three primary groups of protein expression within the samples. 171 CM-S and CM-F groups comprise one of the main clusters ( Figure 3A) , where it can be seen that 172 there is considerable similarity of protein content in terms of LFQ intensity within these groups. 173 Medium samples comprise the remaining column clusters, where the reduced number and 174 expression of proteins are more apparent when considering data without imputation ( Figure 3B ). 175 Due to the similarity between osteocyte conditioned medium groups, also verified via PCA 176 ( Figure S 2) , an analysis was first undertaken by combining CM-S and CM-F (termed CM), and 177 comparing it to Medium to identified the proteins which comprise the osteocyte secretome. The 178 results of this reveal the presence of 97 proteins which have significant differential expression in 179 CM, indicated in red in Figure 3C , and listed in Table 1 . Within these proteins, significant 180 enrichment (enrichment factor > 1.7, p < 10 -4 ) of several "extracellular" GOCC terms was shown 181 in comparison to the total 393 identified proteins using Fisher's exact test, with enrichment of 182 UniProt keywords "secreted" and "signal" (enrichment factor > 1.6, p < 10 -5 ) also occurred 183 ( Figure 3D ). This validates the successful isolation of proteins released by the osteocyte into 184 their surrounding environment, with evidence for further downstream signalling functions. 185 Functional enrichment within CM proteins of GOCC terms with reference to the whole Mus 186 musculus genome further reported the significant enrichment of membrane-bound vesicles and 187 exosomes in the secretome (Table S 2 due to the incorporation of proteins from rat tail collagen type 1 used for coating glass slides. 198 Mechanical stimulation alters the protein release characteristics in osteocytes 200 Subsequent analysis separating the CM-S and CM-F groups showed that different proteins were 201 released from statically-cultured and mechanically-stimulated osteocytes, highlighting the role of 202 external mechanical forces in regulating the osteocyte secretome. The more stringent criteria of 203 only considering proteins identified in all three biological replicates in at least one of the groups 204 reduced the total number of proteins of interest to 317. A total of 34 proteins were identified with 205 varying degrees of significance and differential expression between groups, with 32 of these 206 indicated on a volcano plot ( Figure 4A ), and a further 2 not present on the plot due to being 207 present in only one of the CM groups. LFQ intensities of some of the most differentially 208 expressed proteins with greater expression in CM-S ( Figure 4B -D) or CM-F ( Figure 4E -F) are 209 highlighted. Of note is the enrichment of 14-3-3 proteins, all of which are upregulated in CM-F 210 (log2 fold change = 1.43 -2.33). Of particular interest are annexin A5 (log2 fold change = 2.39), 211 which is associated with EVs and blood microparticles suggesting a role in systemic signalling, 212 and histone H4 (log2 fold change = 2.00) which is associated with osteogenic growth peptide 213 (OGP) and known to stimulate osteoblast activity [29] .
214 215 Subsequently, functional enrichment in differentially secreted proteins between CM-F and CM-S 216 was investigated to help further elucidate their collective biological relevance in mechanically 217 mediated osteocyte signalling (Table S 3 ). The top four enriched GOCC terms: extracellular 218 region, membrane-bounded vesicle, extracellular region part and extracellular exosome are 219 associated with EV proteins with a highly significant false discovery rate (FDR < 10 -10 ). 65 -220 76% of all differentially secreted proteins were associated with these terms. This confirms that by mechanical stimulation. EVs were successfully separated from osteocyte CM using filtration 239 and ultracentrifugation, with the presence of EVs confirmed by TEM imaging and Figure 5C ). EV concentration was not significantly different between EVs separated from the 244 CM-S (EV-S) and EVs separated from the CM-F (EV-F), both being within the range of 0.8 -245 2.6 μ g/ml, and with average values of 1.2 μ g/ml and 1.5 μ g/ml, respectively ( Figure 5D ). It can 246 be seen that there is a change in particle size distributions between EV-S and EV-F ( Figure 5E ), 247 however, no changes in average particle size was detected, with values of 177 nm and 183 nm 248 respectively ( Figure 5F ). Figure 5H ), while this response was significantly enhanced with EV-F, yielding a 3.7-fold 263 increase compared to medium (p < 0.001, n = 9) and 2.3 fold increase compared to EV-S (p < 264 0.01, n = 9). This trend closely mirrored that seen with whole secretome. Osteogenic gene 265 expression ( Figure 5I ) showed a consistent trend of marginally increased expression with CM-S 266 treatment, which was further enhanced with CM-F. There was a near-significant increase of 1.5-267 fold in OPN (p = 0.051, n = 17-18) when comparing CM-S to Medium. CM-F resulted in 268 significant changes compared to medium of 2.0-fold in COX2 (p < 0.05, n = 17-18), 1.8-fold in 269 OCN (p < 0.05, n = 14-15), 2.0-fold in OPN (p < 0.001, n = 16-18) and 1.5-fold in RUNX2 (p < 270 0.05, n = 20), with a near-significant increase of 2.6-fold in OSX (p = 0.07, n = 21-23 of key proteins, such as Sclerostin, which is known to be secreted by osteocytes, were not . 350 Annexin A5 has been shown to increase at the cell membrane in osteoblasts under fluid flow, 351 with Ca 2+ ion levels also being seen to increase. It was found that the disruption of annexin A5 Sample preparation for MS analysis 470 Protein precipitation was carried out with 1ml of each sample (Medium, CM-S, CM-F) using 471 trichloroacetic acid (TCA), and, following centrifugation at 18,500 g, the pellet re-suspended in 472 6M urea in 50mM ammonium bicarbonate. Samples were reduced with 5 mM dithiothreitol for 473 30min at 60°C and alkylated with 10mM iodoacetamide for 30min at room temperature in the 474 dark, after which ammonium bicarbonate was added to bring the concentration of urea to 1.8M. 475 The reduced and alkylated proteins were then digested overnight with trypsin at a ratio of 1:50 476 w/w trypsin to protein at 37°C and 350 rpm on a Thermomixer. Digestion was then stopped with 8.8M hydrochloric acid. Peptides were bound and desalted using C18 ZipTips (Merck Millipore) 478 and washed with 0.1% trifluoroacetic acid (TFA) before being re-suspended in 10 μ l elution 479 solution (50% acetonitrile in 0.1% TFA). Samples were concentrated using a SpeedVac vacuum 480 concentrator until roughly 4 μ l remained, before being re-suspended in 20 μ l 0.5% acetic acid 481 ( Figure 2B ). Other settings were kept as default in the software.
508
Extracellular vesicle isolation from conditioned media 510 Medium from statically and dynamically cultured osteocytes was collected and centrifuged at 511 3000 g for 10 min to remove debris. Medium was then filtered through a 0.45 μ m pore filter. 512 Medium was subsequently ultracentrifuged at 110,000 g for 75 min at 4°C, using an SW32.Ti obtained 4 x 40 second videos of the particles in motion. Videos were then analysed with the 547 NTA software to determine particle size. 
